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(57) An electron-emitting element Includes an ©lec- 
Irit; fiaki applying portion composed of a dielectric, a first 
electrode formed on one surface of the eiectric field op 



plying portion, and a eocond electrode being formed on 
the surface and forming a c I it in cooperation with the first 
electrode, and « formed on a substrate. 
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Deecrrption 
TECHNICAL FIELD 

[0001] The present Invention relates to an electron- 5 
omftling element and a field ©mission display using the 
same. 

BACKGROUND ART 

ro 

[0002] Such an electron -emitting element h»s a driv- 
ing olcetrodo and an earth etectrnrio, and is Applied to 
various applications such at an Raid amission display 
(PED) and back light. In r.aso of applying la an hfeD, a 
plurality of electron-emitting elaments ana two dirnen- w 
slonally arrangon* in two dimensions and a plurality oT 
phosphors helnn; opposite to these electron-emitting el- 
ements are arranged at a certain space to each other. 
[0003J However, since a conventional electron-emit- 
ting elemeni Is not good In straight advancing ability, 
namely, in the degree of the straight advancement of 
electron emitted uuni the electron-emitting element to 
specified objects (phosphors for example), and In order 
lu hold a desired current density by emitted electrons, it 
is necessary to apply a comparatively high voltage to & 
the electron-emitting element. 
[0004] And in case of applying the conventional elec- 
tron emitting clement to the FED. since straight advanc- 
ing ability of the conventional electron-emitting element 
Is not good, the crosstalk is relatively fame, namely. & 
there is a high probability that an emitted electron strikes 
on a phosphor adjacent m a targeted phosphor. AS a 
result, It is difficult to maKe we pitch between the phos- 
phors narrow and it is necessary to provide a grid In or- 
der to prevent an electron from hitting un an adjacent 
phosphor. 

[0005] it Is an object or the present Invention is to pro- 
vide an eleclron-emiuing element having a good straight 
advancing ability of emitted electron* end a field emb 
uion Uwjjlay using the same. 

[0006) It is another object of tho prooont invention le 
to provide an electron omitting element realising an 
electron emiaaion wjrh a high curront density at a com- 
paratively low vaouum and a remarkable low driving 
voltage and a field emission display using the same. 

DISCLOSURE OP THE INVENTION 

[0007] There is provided an electron-emitting pieman r 
oomprtfiing; 



[0008] According to the present Invention, electrons 
are emitted from the electric neld applying portion by ap- 
plying a puiso voltage to the first or second gieciroce. 
Ry composing the electric Held applying portion by cne 
dielectric, It is possible to obtain a good straight advanc- 
ing ability inai cannot be achieved by the conventional 
plenlron-emming element. As A result, a voltage to be 
appfiAri to me electron-emitting element needed to hold 
r desired currant density is remarkably lower than that 
or the conventional electron-emitting element, and the 
energy consumption 18 greatly reduced. Since the first 
and second electrodes can be formed on the electric 
field applying portion by means of a thick film printlnq 
method, the electron-emitting element aacuidinu, to Uiu 
present invention is preferable from the viewpoint ol du- 
rability and cost reduction. 

r0OO91 In order to reduce the voltage to be applied to 
II w electron-emitting element furthermore, It la prefera- 
ble to apply acarbon coating to theflrst and second elec- 
trodes and the sit. In this case, by the application of the 
carbon coating, there Is remarkable reduction of the 
probability to damage tho firet and eeeond electrodes 
caused by collision between electrons and ions or by 
generation of heat. 

[0010] In order to perform a good electron emission, 
It Is preferable to further comprise a third electrode ar- 
ranged at a certain space to tne first and second elec- 
trodes, and to makB me space between the first and sec- 
ond electrodes and the third electrode vacuum. 
[0O11] "mere Is provided another electron-emitting el- 
ement comprising; 

an electric field applying portion composed of at 
least one of a piezoelectric material, an olcotroelrio- 
tive materiel and an antiferroolectric material; 
a firat clcotrodo formed on one surface of this elec- 
tric Held applying portion; and 
a eaoond electrode formed on the one surface of 
the electric field applying portion, and Forming * slit 
in corporation with the first nlfictrode. 

[001?] According to the present Invention, not only a 
gnnri straight advancing ability can be obtained, but also 
the aieeinc field apolylng portion also acts as an aclualor 
and Is bant and displaced when a putse vullay* i« ap- 
plied to the first or second electrode. As a result, the 
straight advancing ability of the election-emitting ele- 
ment Is more improved. 

[0013] in order to reduce the voltage to be applied to 
the electron-emitting element further more, it is prefer- 
able to apply the carbon coaling to the first and second 
electrodes and Ih* slit. In tills case, by the application 
of the carbon coaliny. tlwra Is remarkable reduction of 
the probability to damage the first and second elec- 
trodes caused by collision between electrons and ions 
or by generation of heat. 

[0014] In this case, also, in "ider to perfoim a good 
electron emission, it is preferable to further comprise a 



an electric field applying portinn composed of die- 
lactric, 

a first electrode formed on one surface of this elec- 
tric field applying portion, 

asecond electrode formed on said one surface of 
the electric field applying porrinn and tormmg a slit 
in cooperation with the first filentrode. 
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third electrode being arranged at a certain space to the 
Vital and seuond electrodes and lo make Lhe space be- 
twvutsri lha fir t»l and second electrodes and trie third elec- 
tron vacuum. At litis time, Hie eleciric field appiyingpor- 
tion also acts as the actuator, and makes It possible to s 
voriiiol the amounL of emitted electrons by the displace- 
ment motion of the electric field applying portion. 
[OOI5] Preferably, the electron -emitting element fur- 
ther has a voltage source forapplying a direct offset volt- 
aic lo the ihlrd electrode, and a resistor arranged in 8e- iv 
ries between lhe voltage source and lhe third electrode. 
Thereby, a Uasirud current density can be easily 
achieved, and short-circuit between the third electrode 
and the first and second uleuuudes is prevented. 
[0016] For example, a pulse voltage is applied to the is 
first dectiode, and a direct offset voliage is aupliad lo 
the second electrode. 

[0017] Preferably, the electron -emitting element fur* 
ther has a capacitor arranged In series between the first 
electrode and o voltage signal source. Thereby, a volt- 20 
age can be applied between the first electrode and the 
second electrode only until tho capacitor is oharged up, 
and as a result, the breakage caused by the sh ort-circu it 
between the first and second electrodes Is prevented. 
[0018] In case of further having a fourth electrode be- *s 
ing tnrmart on the other surface or the electric field ap- 
plying portion and opposite to tne first electrode, since 
the electric field applying portion between tne timr eiec- 
crode and me tnird electrode acts as a capacitor, the 
breakage caused oy tne shon-clrcult oetween the first w 
and second electrodes Is prevented, in this case, Tor ex- 
ample, a pulse vufiaue is applied lo lhe fourth electrode 
and a direct offset voltage Is applied to the seuunU aluc- 
Irode. 

[001 9] It may further have a resistor arranged in series a* 
between tho second electrode andthe direct offset volt- 
age source. In fchb case, a current to be Rowed by dis- 
charging Trom the first elootrode to theocoond electrode 
is suppressed by the resietar, and breakage to be 
caused by short-circuit between the first and second *e 
oloctrodoc is provantod. 

[0020] In order to achieve a sharp reduction of tho 
voltage to be eppDed, It 19 preferable to have the relatiuo 
dielectric constant of the electric field applying portion 
not less than 1 000 and/or the width of said slit not mere &s 
than SOOum. 

[0O2t] in order to perform a goon* elertrrnn emission, 
it is preferable for at feast one of the first and aeoonri 
electrodes to have an angular parr with an enure angle 
and/or for tha first alectroda and the second electrode so 
to have carbon nanotubes. 

[Q0223 There is provided a field amission display com- 
prising: 

a plurality of electron-emirting elements arranged in ss 
two dimensions: and 

a plurality Of phosphors being arranged at a certain 
space to each of these electron-emitting elements, 



eanh of said electron-emitting elements having* 
an elfictrift held applying portion composer! m a nV 
eleerrio; 

a nrsr elenrrorle rnrmeri on nne surface nr tnL^ alen- 
rrlr f laid applying portion ; and 
a sRcnnd electrode formed on the surface nr the 
electric rield applying portion, and terming a slit in 
cooperation with the first electrode. 

[0023] Slnrift a flfilri nmr*.<jion display according tn thn 
present Invention la etfcftllfint In the straighr advancing 
ability or the aleciron-emining element, ir la smaller in 
crosstalk In comparison with a display comprising con- 
ventional electron-emitting elements, tne pitch between 
phosphors can be made mare narrow, and it is not nec- 
essary to provide a grid In order to prevent electrons 
from striking on phosphors adjacent to the targeted 
phosphors. As a result, a field emission display accord- 
ing tu the present Invention Is preferable from lhe view- 
point of in -proven tenlin resolution, Uowf iskinu. and cost 
reduction of a display device. Since the emission of elec- 
tro ns can be performed even in case that the degree of 
vacuum Inside a field emission display is comparatively 
low, It ia possible to emit electrons even when the degree 
of vacuum Inside the display is lowered by a cause such 
as a phosphor axcilation and tho liko. Sine© a conven- 
tional field emission display needs to hold a compara- 
tively large vacuum space as a margin for maintaining 
the emission of electrons, It has been difficult to make 
me display rhln-*i7eri. On The other h-anri, alnce ma 
present invention does not need to hold a large vacuum 
space In advance in order to Keep me emission oT elec- 
trons against drop or tne degree of vacuum, it ispossioie 
lo make the display ihln-slzed. 

[0024] In urdei lu r uUuue a vullaije lo bo applied to an 
electron-emitting eleineni further more, It is preferable 
to apply a carbon coating lo the first and second elec- 
trodes and the slit. In thb case, by the application of the 
carbon coating, there Is remarkable reduction of the 
probability to damage tho flrot and oooond olootrodoe 
caucod by collision botwoon olootronc and ions or by 
generation of heat. 

[0025] In order to perform a good electron emission, 
it is preferable to further have a third electrode arranged 
at a certain space to the first and second electrodes and 
make the space between thef irst and second electrodes 
and the third electrode vacuum. 

[0026] There Is provided another field emission dis- 
play comprising: 

a plurality of electron-emitting elements arranged in 
two dimensions; and 

a plurality of phosphors arranged at a certain spare 
to each of these electron-emitting element?, earn 
of the electron-emitting elements having: 
an electric field applying portion composed of at 
least one of a dielectric material, an elect rostricrjvp 
material and an an tiferro electric material; 
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a first electrode formed on one surface of this elec- 
tric field applying portion; and 
a second electrode formod on the eurfaco of the 
electric field applying portion, and forming a slit in 
cooperation with the fircc electrode. 

[0027] Since a field ©mission dlcplay according to the 
present Invention is excellent in trio etraight advancing 
ability of the electron emitting oloment, it is more prof- 
erablefromthc viewpoint of downeizing and cost reduc- 
tion of a dioploy dovioo. 

[0028) In order to roduce the voltago to ba applied to 
tho electron omitting element furthermore, it Is prefera- 
ble to apply tho carbon coating to the first and se^nnd 
oloetrodee and tho slit In this ease, by th« application 
of the carbon coating, there Is remarkable reduction ot 
tho probability to damage th* first and second elec- 
trodes caused by pulsion between electrons and Ions 
or by generation nf hem. 

[0059] in this case, also, in order to perform a good 
electron emission, it Is preferable to further have a third 
electrode arranged at a certain space to Hie first and 
second electrodes and make the space between the first 
and second electrodes and the third electrode vacuum. 
At this time, the electric field applying portion also acts 
as an actuator and can control the amount of emitted 
electrons by the displacement motion of the electric field 
applying portion, 

[0030] Preferably, the electron-emitting element fur- 
therhasavoltageeoureetorapplying fldlrect offset volt- 
age to the third electrode and a resistor arranged in se- 
ries bstween this voltage source and thft third electrode. 
Thereby, a desired current density, namely, a desired 
amount of luminRsnence oi pnosphors can oe easily 
achieve and the short-circuit between tno third elec- 
trode And tne first and second electrodes Is prevented. 
[0031] hor example, a pulse voltage Is applied lu rj ie 
first eiecrrode and a direct offset Yotiajjt: Id applied to 
trie second electrode, 

[0032] Preferably, the electron-emitting element fur- 
ihyr iras a capacitor arranged In aeries betwoon the tlrct 
electrode and tho voltage signal source. Thoroby, the 
breakage to be caused by the short oireuit between the 
first and second electrodes fa prevented. 
[0033] Also, when the electron emitting element fur- 
ther has a fourth electrode formed on the other surface 
of the electric field applying portion and fadng the first 
electrode, the breakage to be caused by the short-circuit 
between the firct and second electrodes. In this case, 
for example, a pulee voltage is applied to thef ourth elec- 
tee and a direct offset voltage Is applied to the sennnrt 
eleotrodo. 

[0034] In ease that the electron-emitting element fur- 
ther hoc a resistor arranged In series between the sec- 
ond electrode and the direct offset voltage source, the 
breakage to be caused by the short-circuit between ihe 
firct and second electrodes Is prevented. 
[0035] In order to achieve a sharp reduction nf the 



voltage to be applied, it is preferable to have the relative 
dielectric constant or me electric field applying portion 
not less than 1 onn and/or the widtn of the slit not more 
than 500um. 

5 [Q036] In order to perform a good electron emission, 
U is preferable for at leasi one ol me iirsL and second 
electrodes Lo have an angular part with an acute angle 
and/or forthe first and second ftlRrfrories to have carbon 
nanotubes. 

10 [0037] A field emiaalon display according to The 
present invRnrion Turthar comprises a substrate having 
a plurality of etectron-emiiting etemenie arranged In two- 
rifrncinslnna and formed into one body with It. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Figure 1 Is a diagram showing a first embodi- 
ment of the elwlruii-eiiiitting element according to the 
present invention. 
2° 10039] Figure 2 Is a diagram showing a eecond em- 
bodiment of the electron-emitting element according to 
the present Invention. 

[0040] Figure 3 is a diagram showing a third embod- 
iment of the electron-omitting element according to tho 
25 present Invention. 

[0041 ] Figure 4 is a diagram showing a fourth embod- 
iment of the electron-emitting element according to the 
present Invention. 

[0042] Figure 5 is a diagram showing a firth emoodi- 
30 ment ot the electron-emitting element according to the 
present invention. 

[0043] Figure 6 Is a diagram si lowing a sixth embod- 
iment ol the elecirun-emltting element according to the 
present Invention. 
33 [0044] Figure 7 is a diagram for explaining the opcr 
atlon of the electron-emitting clement according to tho 
present invention, 

[0045] Figure B lo o diagram for explaining the oper- 
ation of tho othor electron-emitting element according 

4* to tho present Invention. 

[0040] Rguro 9 is a diagram showing an embodiment 
of tho FED according In th« present Invention. 
[0047] Figure 1 o is a diagram snowing the relation be- 
tween the miative dieieernc constant of the electron- 

45 emitting element according to the present Invention and 
ihe applied voltage to the electron-emitting element. 
mruLBj Hgure n is a dlaoramTor explaining Figure I o. 
[00a9] Figure 1 2 Is a diagram showing the relation be- 
tween the slit width of the electron-emlUing element ac- 

so cording to the present invention and an applied voltage 
ro the electron-emlnlng element.. 
[00S0] Figure 13 Is a diagram showing a sevanlh em- 
bodiment of the dectron-crnltung element acuurdiny tu 
the present Invention. 

[UU51] Figure 1 4 Is a diagram for explaining lliw upur- 
ation of the electron -emitting element of Figure 13. 
[U0b2] Figure 15 Is a diagram showing an eiyhtli em- 
bodiment of the electron-emlnlng element according to 
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the present invention. 

[0053] Figure 1 C is a diagram for explaining the iter- 
ation of the electron-emitting element of Figure 1 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0054I Embodiments of the electron-emitting element 
and the field eitibssiun display using the same will be 
explained wilh reference to the drawings, 
[0055] Figure 1 A is a top view uf a first embodiment 
of the electron -emitting element acuurdiny to the 
present invention, and Figure IB la a eectional vi«w tak- 
en along line l-I. This electron -emitting element has an 
electric field applying portion 1 composed of a dielectric:, 
a driving electrode 2 as a first electrode formed on one 
curfncc of the electric field applying portion 1 and a com- 
mon electrode 3 as a second electrode formed on the 
surface on whioh the driving electrode 2 la formed and 
forming adit in cooporation with the driving electrode 2, 
and th& electron -emitting elomont io formed on a sub- 
strate 4, Preferably, In order to capture emitted electrons 
well, thl9 electron-emitting element further has an elec- 
tron capturing electrode 5 as a third electrode arranged 
at a certain sparse to the on« surface of the electric field 
applying portion 1 , and Keeps the space therebetween 
In a vacuum stare. And in order to prevenr hreakanR 
caused by snort-circult between the driving electrode 2 
and the common elactrode 3. a capacitor not Illustrated 
is an any yd in series between the driving electrode 2 and 
an not shown voltage signal suuic** cttiuVor an noi shown 
rasistor Is arranged In aeries between thucuiumuri elec- 
trode 0 ard an not shown direct offset voltage source. 
[0056] A dielectric being comparatively high, for ex- 
ample, not less than 1000 in relative dielectric constant 
tc preferably adopted ao a dielectric forming the electric 
field applying portion 1 . Ac euoh a dlolcotric, there can 
be mentioned ceramic containing barium tltanate, lead 
zirconato, magnesium lead nlobate, nickel lead nicbato, 
zinc lead nlobate, manganese lead niobete, magnesium 
laaritantatate, nickel Ipadtantalate, antimony leadetan- 
nate, lead ritanara, barium fitanara. magnesium lead 
tungstate. cobalt lead nlobate or the like, or an npfinnal 
combination ot these, end ceramic containing thoso 
compounds of tot) wt% or mora as its main ingredient*, 
and funh armors ceramic having an oxide of lanthanum, 
calcium, strontium, molybdenum, tungsten, barium, nln- 
Dium. zinc, manganese. nicKei or me HKe. or some com- 
bination of these or other compounds and the like prop- 
erly adced to said ceramic. For example, In case or a 
two-componsnt system nPMN-mPT (n and m are rep- 
resented In molar ratio) of magnesium lead nlobate 
(PMN) and lead tfcanate (PT), when the molar ratio or 
PMN Is made large. Its Curie point Is lowered and Its 
relative dielectric constant at a room temperature can 
be made large. Particularly, the condition of "n * 0.85 To 
1.0, m = 1,0 - n" makes preferably a relative dielectric 
constant of 3000 or more. Far example, the condition of 
°n = 0.91 . m = 0.09" gives a relative dielectric constant 



of 1 5,000 at a room temperature and the condition nf "n 
= 0.95. m = u.ub" gives a relative riifttpnrrlc constant nr 
20,000 at a room temperature. Next, In a threa-enmpn- 
nent system or magnesium lean niohar* (PMN). lead ii- 

5 tanate (PT) and tear* zirrinnate (PZ). It Is preferable for 
the purpose nl making the relative dielectric coneiani to 
make I he fiompnsii.ion of the three-component system 
close to the cnmpnsiHnn of the vicinity of the morpho- 
tropic phase boundary (MPR) h«twe»n a tetragonal sys- 

f° tern and a pseudo-tetragonal system nr hetumftn a te- 
tragonal system and a mombohedrnl system «r a man- 
ner other Chan making the molar ratio nf PMN he larga. 
Particularly preferably, for example, tho rendition nf 
•PMN r PT: PZ = o.a/b : 0.375 : 0.25" provides fh« rfik 
is ative dielectric constant of 5.500 and the condition of 
- PMN : PT: PZ = 0,5 ; 0,375 : 0,125" provides the rela- 
tive dielectric constant of 4,500, Further, it is preferable 
to Improve thu dielectric constant by mixing these die- 
lectrics with such metal as platinum within a range 
30 where the Insulation ability is secuied. In this case, for 
example, the dielectric is mixed with platinum of 20% in 

weight. 

[0057] In this embodiment, the driving electrode 2 has 
an angular part with an ooutc angle. A pube voltage is 

& applied to the driving electrode 2 from an not shown 
power source, and electrons are emitted mainly from the 
angular part In order to perform a good electron emis- 
sion, the width A of the slit between the driving electrode 
2 and the common electrode 3 Is preferably not more 

Jo rjian Suuum. I he drtvlnrj electrode ? Is composed nl a 
conductor with resistance to a high-temperature oxidiz- 
ing atmospnere, tor example, a single metal, an alloy, a 
mixture of an Insulating ceramic and a single metal, a 
mixture ufan Insulating ceramic and an alloy or the like, 

3? and Is preferably cuinpussed ur a likjlJ-nuslltrm point pre- 
cious metal such as platinum, palladium, rhodium, mo- 
lybdenum or the tike, or a material having such an alloy 
oo 3flver-palladlum, silver-platinum, platinum-palladium 
ortho like ao ita main ingredient, or a cermet mote rial of 

40 platinum and ooramlc. Moro proforably, It Ic oompocod 
of only platinum or a material having a platinum-baeed 
alloy as its main Ingredient. And ae a material for olee- 
- trades, carbon-based or graphlte-basod materials, for 
example, fl diamond thin filnrv a diamond-like carbon 

«5 and a carbon nanotube aro also preferably used, A ce- 
ramic materiel added to the electrode material Is prefer- 
ably 5 rn 30 vor%. 

[0058] The driving electrode 2 can be composed us- 
ing the above-mentioned materials by an ordinary film 

50 forming merhnri hy means of various thick film forming 
marh oris such as screen printing, spraying, coating, dip- 
ping, application, pJRrJrophonasing and the like, or vari- 
ous rhin film rnrmlng methods such as sputtering, ion 
beaming, vacuum riepnsltlon, ion plating, CVD. plating 

ss and thA IBcfi, anrt is preferably made by these thick film 
forming methods. 

£UU59J In cas« of forming the driving electrode 2 by 
means of a thick film forming method, a thickness of driv- 
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ing glectrode 2 !• generally not more Uian 20MJTIr a " d 
preferably not more man Sum 
[0063] A direct nnset voltage is applied to the common 
electrode 3; and is led t>y the wiring passing through an 
not shown through hole rrom me reverse slU« of the sub- 
s irate 4. 

[0061] The common elecirode 3 IS formed by means 
of a material and method similar to those Tor u» driving 
electrode 2, anri preTeracly by means of the above-men- 
tioned ihlck film rorming methods. The width of the com- 
mon efectmrfa 3 also 13 generally not more than 20um 
and praferably nor mora lhan 5p/ii, 
[00*2] Praterabiy, the substrate 4 » composed of an 
electrically Insulating material hi order to electncally 
separate a wire electrically uonnected to the dnvmg 
electrtde 2 and a wire *lecirtealry connected to the com- 
mon electrode 3 ftoi 1 1 each other. 
[0063] Therafore, the substrate 4 eon bo composed 
of arraeriai like an enameled material obtained by coat- 
ing ihesuiface of a high heat-resistant metal with a.ee- 
mrfc material such as glass and the like, and Is opti- 
mally composed of ceramlo. 

r00C4] As a coramlo material to form the substrata <t. 
for example, stabilized zirconium oxide, Aluminum 0X- 
Ide magnesium oxide, titanium o*In>-, spinel, muliile. 
aluminum nitrido, silicon niWrift, glass, a mixture or 
the*© and the like can he used. Amonfl them, particu- 
larly aluminum oxrri* ana stabilized zirconium oxide an© 
preferable from the viewpoint of strength and ngidlty. 
Stabilized 7irconium oxide Is particularly preferable In 
that it is comparatively high In mechanical strength, 
comparatively nigh In toughness and *°™P* ra ™°V. 
small h chemical reaction to the drMng electrode 2 and 
the common Mud* 3. The stabilized freonwrnwaaj 
includes stabilized zirconium ocidc and partially atabl- 
Ifeed ^rcunlum oxide. Since thoetebilteed zirconium ox- 
ide takes a crystal structure such as a cubic system, It 
undergoes no phase troneition. 
roossl On the other hand, It is probable that me zirco- 
nium oxide undergo** a P hae* transition between a 
monocllnlc system and a tetragonal system and has u 
crook generated at the tim« or such a phase transition. 
The eiobilkad zirconium o*ids contains astablllzer such 
as onldum o*lde, magnesium oxide, yttrium oxide, 
scandum oxide, ytterbium oxide, cerium oxide, rare 
motaJoxldo and the ot 1 to 30 mol*. It is Referable 
ror a stabilizer to contain yttrium oxiuw in order to Im- 
prove the sMhsrrata 4 in mechanic*! strength, in this 
case, It contains yttrium or preferably 1.5 to 0 moi%, 
more preferably v. to 4 mol?o, and preferably further con • 
tains aluminum oxide of 1 to 5 muWfr. , 
[0066] Ann itscrystal phase wan be made into a mixed 
' phase of "cubic system + monocllnlc system", a mixed 
phas* nr -Tetragonal system +■ rnonoolinic ayetem , a 
mixed phase of "cubic system -i- tetragonal ayetem + 
monorilnic system" or the lite, and among them pertio ■ 
ulariy the crystal phase haviny a tetragonal system or a 
mixftrt phase of tetragonal system + cubic ayatern" ao 



its main cryetal phaeo is optimal from Th* viewpoint of 
strength, toughness and durability. 
[0067] In case of composing the siihsrrare a of ceram- 
ic, comparative many crystal particle form the sub- 
s strate 4. and In order to improve tha substrate 4 In me- 
chanical strength, the average particle diameter ol the 
crystal partiolcc le bo preferably Q-OS to 2j.un. anri more 
preferably 0.1 to 1ujn. 

[0068] Tho electric flold applying portion 1 , tha driving 
io dcotrodo 2 and the common electrode a can be formed 
into ono body together with th« subairata 4 by applying 
heat troatmontte the substrata 4, namely, by baking the 
oubctrate A each time forming nna of them respectively, 
ortheee electric field applying portion 1 . the driving elec^ 

1 9 trode 2 and the commnn electrode 3 are formed on Che 
substrate & and thftreaiterare heat-treated, nKmelv. are 
baked at th* sama time and thereby they are formed 
Into nnfi body together With the substrate 4 at the same 

20 rnoraj Depending upon a nwttwd of forming the driv- 
ing electrode 2 and common electrode 3, any heal treat- 
ment, namely, bakinu fur unification of them may not bo 

needed. . . 

raoTOl A heat treatment temperature, namely, a bak- 
23 inq temperature for forming the electric field applying 
portion 1 , the driving electrode 2 and the common el«r> 
<trode3into one body togeiher with the substrate 4 takes 
a temperature range of generally Sim to 1,4fJ^C ; and 
preferably 1 ,000 to 1 ,400°C, In orderto keep stable the 
so composition of the electric Tleld applying portion I al a 
high temperature In case or applying neat treatment to 
the film-shaped voltage applying portion 1 , it Is prefera- 
ble to perform neat ireatmenL, namely, baking as con- 
tmllingtnevaporsource and the atmosphere ol the elee- 
05 trlcneld applying portion 1 , and It « preferable to adopt 
a technique of bakino as preventing the ourfaoo of the 
elecmc field applying portion 1 from being oxpeeed di- 
rectly to the baking atmosphere by covering the eleetnc 
field applying portion 1 with a proper member In this 
4C case a material olmiler to tha eubetrata 4 ie ue*d a* tha 
covering member. 

f0071] Figure 2 A le a top view ol a spcond embodi- 
ment of the clectron^mitting elemant according to the 
present Invention, and Figure 28 i* a sacnonal VlewTak- 
4s en along a line il-ll of It. This elenrron-emittlng element 
has an electric field applying pnnlon 11 . a driving elec- 
trode 12 and a common strode 13 respectively cor- 
responding to the eiacrnc field applying portion 1. the 
driving electrode 2 and me common electrode 3, dfiU 
so additionally to them, further has a driving terminal elec- 
trode 14 as a fourth ftlectrode formed on the other sur- 
face of the electric Held applying portion 11 , and they 
are formed on a viihtfmn 15. in this case. also, prefer- 
ably in orderto capture emitted electrons well, the elec- 
55 tron-emlttlng element further has an electron captuiiHP. 
alectrode 16 as a third electrode being arranged at a 
eertain space to nn* surface of the electric field applying 
portion 1 1 . and k«*ps me therebetween in a vac- 



7 



DNSOOCIO.^EP ICSSSflOAl 1 > 



33- 1 - 2 4 ; 1 2 : 5 7 ;3UGIMU1A ^ATINT 



; 0 0 0 500 0 5 0 6 



#15/09 



11 EP 1 265 263 A1 12 



uum state. 

[0072] In this embodiment, since the electric field ap- 
plying portion 11 between the driving electrode 1 2 and 
the driving terminal electrode 14 acts as a capacitor, It 
Is nor necessary to provide an additional capacitor in or- * 
dcr io prevent breakage caused by sliutl-drcull De- 
tween the driving electrode 12 and the common elec- 
trode 10. In this case, a pulse vuliage Is applied 10 The 
driving terminal electrode 14 and a direct offset voltage 
lo applied to the common electiude 13. w 
[0073] The driving terminal elevtiude 14 Is also 
formed by means of a similar material and louhnlque to 
those for the driving electrode 12 and the common elec- 
trode 13, and preferably formed by means of una of the 
above-mentioned thick film forming methods. The chick- 15 
naee of the driving terminal electrode 14 is also gener* 
ally not more than 20jim, and preferably not more than 
5 jim. 

[0O74] Figure 3A le a top view of a third embodiment 
nf the electron-emitting element aooordlng to the -° 
present invention, and Figure 3B Is a sectional view tak- 
en along 4 line If Mil of (L in this embodiment, similarly 
to the first embodiment, a driving electrode 22 and a 
common electrode 5*3 are formed on one surface of an 
electric new applying portion 21, and a plurality of car- 
bon nanotubes (CIMT) are provided on !hn surfaces of 
tfittse driving electrode 22 and common electrode 23, 
and thereby it is easy to emit electrons Trom the top ot 
the CNT when applying a pulse voltage to trie driving 
electrode 22 and applying a direct offset voltage (0 trie w 
common electrode 23. 

[0075] Figure 4A Is a top view of a fourth embodiment 
of the electron-emitting element according to the 
present Invonllon, and Figure 4B Is a sectional view tak- 
en along a line IV- IV of It. In thb embodiment, similarly os 
to the second embodiment, a driving electrode 32 and 
a common electrode 39 are formed on one surface of 
«n electric field applying portion 31, and a driving termi- 
nal elflrtrode 34 Is formed on the other surface of it, and 
a plurality of carhnn nanotubes (CNT) arc provided on ^ 
the surfaces or theses driving otantrode 32 and common 
electrode 33, and thereby i! la easy In omit electrons 
from the top of the ON l when applying a pulse voltage 
to the driving electrode 32 and applying * rfimrt offset 
voltage to the common electrode <*5 
C0078I Figure 5A is a top view of a fifth embodiment 
of the electron-emitting element according ro tha 
present Invention, and Figure SB Is a sectional view tak- 
en along a line V-V of It, In tnis embodiment, a driving 
electrode 42 and a common electrode 43 which are in so 
the shape or Uie teeth af a comb are formed on one sur- 
face of an electric field applying portion 41 . In this case, 
ft is easy lo emit electrons from the angular pans of 
these driving electrode 42 and common electrode 43. 
[00771 Figure 6A Is a top view of a sixth embodiment » 
of the electron-emitting element according to the 
present In veritruir, and Figure 6B Is a sectional view tak- 
en along a line Vl-Vl of It. In this embodiment. Ihe elec- 



tron-emitting element has electric field applying portionc 
hie, 51b made of an a ntiferro electric material, and driv- 
ing electrodes 52a, 52b and common electrode© 63s, 
b3h which are in the shape of the tooth or a comb and 
are formed respectively on one-side surfacoc of the 
electric Meld applying portions 61 a, 61 b. 
[0078] The aleclron-amitling olomcnl le disposed on 
a sheet layer 56 provided through a epaocr layer 54 on 
a airkstrate 55. Thereby, the eieclrlc field applying por- 
tions 51 a. 51 b. the driving ©loo:rodesS2a, S2b t the com- 
mon electrodes 53a, 53b, the sheet layer 58 and the 
spacer layor 54 form actuators 57a, 57b r respectively. 
[0079] As an anTiferrooloetric material for forming the 
electric Tlald apptymg portions 51 a, 51 b, tt is preferable 
to use a material having lead zireonato as its main in. 
gredieni. a matertai having a component consisting of 
lead Zircon ate and lead srannara as Its main ingredient, 
a material obtained by adding lanthanum n*lria rn lead 
z if curtate, or a material obtained By adding lead 7 iron - 
nate oi lead nlobate to a component consisting of lead 
zirconate and lead stannate. Particularly. In case of driv- 
ing th© etectron-enuLiiiig element at a low voltage. It Is 
preferableto use an ann'ferroelsctrlc material containing 
a oomponent consisting of lead zircon ate and lead stag- 
nate. Its composition is as follows. 

PB o.u a Nb o. < rJ< Zr x Sn ™)vv Tl vhBB°3 

maao] And the antiferrooleetric materials can be also 
made porous, and In this case It is preferable to make 
me porosity be nor mora than 30%. 
moai] Tha electric Held applying portions 51a, 51 b 
are preferably formed Dy means oi one ol the above- 
mentioned thick mm forming methods, and a screen 
printing method Is preferably In particular used by rea- 
son that It cai i perform Inexpensively a fine printing. The 
thickness of the electric field applying portions 51 at, 51b 
is made to be preferably SOfLrti Or* less and rrture pr efer- 
obly 3 to 40jj.m from the reason of obtaining a large die- 
plaoomont at a low operating voltage and tho like. 
[0082] By cuoh a thick film forming technique, a film 
can beformodonthecurfaoe of the shoot layer 56 using 
pasta or slurry having ac itc main ingredient ontlfcrroc 
loctrlc eerarnio partlolcs having tha average particle di- 
ameter of 0.01 to 7um, preferably 0.05 to Sum, and a 
good element characteristic can be obtained. 
[0083] An electrophoresis method can form a film in 
a high density Under a high shape control, and has fea- 
tures as described in tochnlcal papers "DENKI K Ar- 
cs AK (J (ELECTROCHEMISTRY) S3. No.1(1086), pp. 
R3-68 by Kazuo Anzai" and "First Study Meeting On 
Method For High Order Forming Of Ceramic By Electro- 
phoresis, Collection of Papers (1098), pp.6-6 and pp. 
?3-24". Therefore, it is preferable to properly select and 
tiaa a technique from various techniques In conaidera- 
tinn of required accuracy, rsl lability and tho liko. 
[0084] The sheet layer 56 Is relatively thin and has a 
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structure liable lo receive vibration from an external 
stress. The sheet layer 50 is preferably composed c-1 a 
nign naat-resisLiny material. The reason is to prevent 
me sneet layer 56 ftom deteriorating in quality at Icact 
wnen mrrnlng the electric field applying portions S1a, 
51 D in case of using a siruclure directly supporting the 
sheet layer 56 without using, a material being compare 
lively iOW in neatreslslariuesuch as an organic adhesive 
and me llfce at the Urne of |olnlng a driving terminal clco- 
trade directly lo U« sheet layer 56 as shown In Flguroe 
2 and 4, In case of forming the sheot layer 66 out af 
ceramic;, It is formed in a similar manner to thocubetrate 

4 In Figure 1 . . 
[008SJ The spacer layer 54 la preferably formed out 
of ueramlc, and it may be formed out of the came ma- 
terial as or a different material from a ceramic material 
forming the sheet layer 65, Ae eueh ceramic, In the same 
manner as a ceramic matdrlal for forming theshaaf layer 
56, for example, crtabiUzed zirconium oxide, aluminum 
oxide, magnesium oxide titanium oxide, spinel, mullite, 
aluminum nitride, silken nitride, glass, a mixture of 
thoae, and tho like ean be u*fid. 
[0086] As ceramic materials different From ceramic 
materials forming the spacer layer 54. the substrate 55 
and the sheer layer 56. a material having zirconium ox- 
ide as m main ingredient, a material having aluminum 
oxide as its main Ingredient, a material having a mixture 
of these as Its main Inui edlent and the like are preferably 
adopted. Among them, a material having zirconium ox- 
lae asKs main Ingredient Is particularly profonable. Clay 
or the like may be added as a sintering adjuvant, but it 
is necessary to adjust the oompocition of such an adju- 
vant so as not to contain excessively such an Ingredient 
being liable to glace ae silicon oxide, boron nxide and 
the ilka The roaeon is that these materials liableto glass 
arc advantageous from the viewpoint or joining with the 
electric field applying portions 51 a, 51D, out they acesi~ 
orate reaction with the Rlectrle neld applying portions 
51a, 5lb, make It difficult Tor the electric field applying 
portions S1», 51b to Keep Their specified L^nposltton, 
and asthe result, causes the elemyiu i;haractensiics to 
he deteriorated. 

[nn87] i nat Is to say. It Is preferable to limit silicon ox- 
id* and the like contained In the spacer layer 54, the 
substrate bb and the sheet lay ar 56 to not more than a ^ 
in weicm, preferablv not mure than 1%. I lere, an ingrc 
dient occupying not less than 50% In weight Is referred 
to as the main ingredient. 

[0OS8] The spacer layer 54, the substrate 65 and the 
Sheet layer 56 are preferably formed Into a 3-layered 
laminate, and in this case, for example, cimultaneouc 
unification baking, Joining the respective layore by glass 
or resin luuyllier with each other into ono body or atter- 
joinlngis performed. They canbe abo formed Into a lair* 
Inate haviny not lees than four layers. 
[00591 In case ol forming the electric field applying 
porUons 51 a, 51 b out of an antiferrocloctricrnatenal like 
this embodiment, they become flat like the electric field 



applying portion 51b in a stare where no electric field is 
applied, while they are bsnt 

and displaced In a convex shape like tne electric Held 
applying portion 51 a when en electric Maid is applied to 

* them. Since the apace between The electron-emitting el- 
ement and the electron capturing alenlrndebH being op- 
posite to iL is made narrow by bending in such a convex 
ehape, the straight advancing ability of electrons gener- 
ated Is mora improved as shown by arrows. Therefore, 

m It Is possible to control tha amount or emitted electrons 
to reach the electron naprunng electrode 58 by means 
of this quantity nf bending. 

[0090] Next, tho operation of the electron-emitting el- 
ement according to the present invention Is described. 

J5 pinm] Figure 7 is a diagram for explaining the oper- 
ation or me electro n-emrrflno. element acwdiny to the 
present Invention, in this case, a current control element 
61 has a structure shown in Figure 1, and the circum- 
stance or the current control element 01 Is kept In a vac- 

20 uum state by a vacuum chamber 02. And a capacitor 66 
Is arranaed in series between a driving electrode 63 and 
a gummon electrode 64 In order to prevent ehort-oircu it 
between the driving electrode 63 and the common elec- 
trode 64. A bias voltage Vb ie applied to an electron eap- 

& taring electrode 67 opposite to the driving electrode 63 
end The oommon electrode 64. 
[0092] In case of making the voltage V1 to baappiied 
to a signal voltage source as be -ado V. the capacity of 
the capacitor 66 be 500 ph, the bias voltage be ; o V, the 

30 width ol a slit formed by tne driving electrode 53 and the 
common electrode be 1 Ourn, and the dagr** « f vat? " 
uum msiae tne vacuum chamber 62 be 1 X 1 Cr 9 Pa, the 
current I, nowing throuyh the driving electrode 63 be- 
comes 2,0 A and lire density of a collector current lo tak- 

3* en from the election capturing electrode 67 boeomee 
I ^ A/cut 9 . As a result, according to an oloctron-eminlng 
element of the present invention, a higher current den- 
sity |6 obtained at a lower voltage and a lower degree of 
vacuum In compcrlcon with a conventional electron- 

*o emitting olomont. and ao si rosult an exc«liant straight 
ed/onoing ability Is displayed. A« shown in Hgure /B, 
the collector current le beenmas larger as the bias VOlt- 
ogo Vb becomes higher. 

[0003] Figure 8 is 3 diagram tor explaining tha oper- 
as aiion of tho other electron -emitting element according 
to the present inventing In this case, a current control 
©lament 71 has a structure shown in Figure 2,« and lliw 
eircumstann* of the current control element 74 is kept 
In e vacuum slate by a vacuum chamber 72? And an 
so electric field applying portion 76 between a driving elec- 
trode 73 and a drn/tng terminal electrode 75 acts as a 
capacitnr in order to prevent shcri-clruuil between the 
driving electrode 73 and tne common electrode 74, An 
el*crrnn capturing electrode 77 Is opposite to the driving 
ss Plectrnria m and die common electrode 74. 

[OnP.4] incase of making the voltage VI to be applied 
to a signal voltage source 7© be -400 V, the capacity of 
the electric field applying portion 76 acting as a capacitor 
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be 530 pF, the width of a silt formed by the driving elec- 
trode 73 and the common alacrroda /d ne 1 n^m. and 
the degree of vacuum Inside me vacuum chamber 72 
DQ 1 X 1 0" 3 Pa. me currant l 1 flowing rnrnugh the driving 
terminal electrode 75 becomes ?.OAanri rh* density of 
a collector currani Ic Laken rrnrn ihe elantron capturing 
electroda 77 becomes 1 .? A/rjn2, As a result, according 
to another electron -emitting ei^m^nt nf the present in- 
vention, a higher current density l& ohtained at a lower 
voltage and a lower degree or vacuum in comparison 
with a conventional electron-emitting element, an/1 as a 
result an excellent straight advancing ability is dis- 
play ad. The waveforms of the voltage v* 1( end tho cur- 
rents Ic. I r and l a are respectively shown oy curves s rn 
dinFlaureSB. 

[0095] Figure 9 Is a diagram showing an embodiment 
of the FED according to Che present Invention, This FED 
comprises a plurality of u lucLion -emitting elements 61 R. 
810 and B1B arranged id Lwu dimensions, and a red 
phosphorS2R, green phosphor 32G and blue phosphor 
82B being arranged at a certain space to these electron- 
omitting dements 01 n, 01G and 610, respectively. 
P096J In this embodiment, the dectron-emitting ele- 
ment B1R, 81 G and 81 B arc formed on a substrate 03, 
and the red phosphor 82R, green phosphor 82G and 
blue phosphor 82B are formed through tho clcotron cap- 
turing electrode 84 on a glass substrate 85. The elec- 
tron-emitting elements 81 R f 81 G and 81 B each have a 
structure shown in Figure 2, but may have any of the 
structures shown In Figures 1 and 3 to 6. 
(UU37J According to this embodiment since the elec- 
iron-emining elements b"!H, hi (3 ana bib are excellent 
m straigm advancing ability, tne crosstalk is smaner 
compared with a case or naving conventional elearon- 
emiUlnu elements and the pitch between the pnosphors 
82 H, 8£Q and 82B can bts narrower, and It Is not nec- 
essary to provide a grid in urdet tu prevent electrons 
from striking on adjacent phosphors S2FI, 82Q arid 82B. 
As a result, the FED of this embodiment Is preferable 
from the viewpoint of downsizing and cost reduction. 
SInoo it con emit electrons evon if the degree of vacuum 
ic comparatively low, It le not ncccaoary to leave a mar- 
gin for a lowering of vacuum by making the vacuum 
epaca largo In advanoo and thuc roctriotiono ognlnat 
making tho FED thln-elzod arc reduced. 
(0O9S] Rguro 1 0 ie a diagram showing tho relation be 
tween tho relative dielectric constant of an electron- 
emitting element according to the present invention and 
an applied voltage to it, and Figure 11 ic a diagram for 
explaining It. The characteristic of Figure 10 chows the 
relation between the relative dielectric constant of an 
electric field applying portion and the applied voltage re- 
quired for emission of electrons In case that each of the 
widths dl and d2 of slits formed by a driving electrode 
91 and common electrodes 92a to 92c as shown in Fig- 
ure 11 is 10pm. 

[0099] As shown in Figure 10, in case of driving an 
electron-emitting element by means of a lower applied 



voltage compared with the conventional electron-emit- 
ting alemont, it ic known thot the relative dielectric con- 
stant Is preferably not fcoo than 10OO. 
[0100] Rguro 12 is a diagram showing the relation be- 
s tween tho width of oollt of the electron-emitting element 
according lo the present invention end an applied voll- 
ago to II. From Figure 1 £ It is known that It Is necessary 
to make the olit width be not more than 500u.m In order 
to make an olectron embaion phenomenon occur. In or- 
10 dor Id drive tho oleotron emitting clement according lo 
the present invention by meana of a driver IC to be used 
in a plasma display, a rluoroeocnt display tube or o liquid 
crystal display whioh arc on tho morkot, it is nocoasary 
to make the slit width bo not more than SOfun. 
15 [0101] Figure 13A Is a top view of a eovonth embod- 
iment of the electron-omitting element according to the 
present invention, and Figuro 13B ic a sectional view 
talcen alnnrj a line VII-VIl of It. In this embodiment, a driv- 
ing electron* 102 and a common electrode 103 each 
being in tne shape nf a semicircle are formed on on* 
side of an electric field applying portion 1 01 , and a car- 
bon coadng 1 04 Is applied to the driving Qlectrode wz. 
the common electrode 103 and a slit Formed by thsm. 
[0102] Thy operation or the electron-emitting element 

3s having a structure shown in Figure 1 3 is described with 
reference to Figure 14. In this case, the periphery of the 
electron-emitting element is kept in a vacuum state by 
a vacuum chamber 11 1 . A capacitor 1 10 Is arranged In 
series between the driving electrode 102 and the volt- 

30 ago signal source 112 In order to prevent short olroult 
between the driving electrode 102 and the common 
electrode 1 03. An olectron capturing electrode 114 op- 
posite to the driving electrode 102 and the common 
electrnrifi 103 has a phosphor 115 provided on II and 

35 has a bias voltage Vb applied tn it, 

[0103] The dnving electrode 102 and the common 
electrode 103 each are an Au mm oraum In thickness, 
and a carbon coating 104 (of 3u.m In Tllm thickness) is 
applied to these driving electrode 102 and common 

40 eiectiudtt 103 and the sill part therebetween. In cast* of 
making a voltage Vk to bu applied tu thu signal voltage 
source 1 12 be 25 V, making the capacity of the capacitor 

110 be G nF, making a bias voltage Vb be 300 V, forming 
the electric field applying portion 101 out of an electros- 

4$ trictive material ot 1 4,000 in relative dielectric constant, 
making the width of a slit formed by the driving electrode 
102 and the common electrode 1 00 be 10u.m, and mak- 
ing the degree of vacuum inside the vacuum chamber 

111 bc1 X 10-aPa, acurrent ic flowing thro ugh th e elec- 
ta tron capturing electrode 1 1 4 becomes 0.1 A and a cur- 
rent of about 40% of a current 1 1 (0.25 A) flowing through 
tho driving electrode 1 02 is taken as an electron current, 
and a voltage Vo between Che driving electrode 1 02 and 
the common electrode 103, nemely, a voltage required 

** for emission of electrons becomes 23.8 V, As a result, 
according to the electron-emitting element shown In Fig 
urc 13, o voltoge necessary for emission or electrons 
can be remarkably lowered. And the carbon coating 104 
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,«Juces remarkably the possibility that th9 driving elec- 
trode 102 and the common electrode 103 are damaged 
by collision of electron* or iono, or by generation of heat. 
Tl re waveforms of ihe current ^ flowing through tha drw- 
lup. electrode 1 02. the currents l 2 , 1c flowing through the 
summon electrode 1 03, and the voltage Vs are respec- 
tively sliuwn by curves e to h in Figure 1 48. 
[01 04] Figure 15A to a top view of an eighth embodi- 
ment of the electron -emitting clomant according to the 
present Invention, and Figuro 168 is a sectional view 
taken dong a line VIII VIII of it. In this embodiment, a 
living electrode 202 and a oommon oloctrode 203 each 
being in the ehape of a eomicirele arc formed on nno 
side of an electric field applying portion 201 . 
[01 05] It is decoribod with reference to Figure 1 8 that 
electrons are omitted at a low vacuum nl not more than 
200 PaoJso in case of an elerfron-emlrtlng element hav- 
ing a structure shown In Figure 15, namely, in case of 
hovingno carbon coating. In thtt msa. Tha circumstance 
of tha electron-emitting filament is kept in a vacuum 
state by a vacuum chamber 211. A capacitor 213 is ar- 
ranged In eerie* between the driving electrode 202 and 
a voltarj* signal source 212. An electron capturing elec- 
rma> 21 4 opposite to the driving electrode 202 and the 
common electrode 203 has a phosphor 21 5 provided on 
it and has a bias vollaue VbappGedto It. 
[0106] A material for each of the driving electrode 1 02 
and the common electrode 103 lo Au, and in ease of 
making a voltage Vkto be applied to the signal voltage 
source 21 2 be 1 60 V, making the capacity of the capac- 
itor 213 be 5 nF, making the bias voltage Vb be 300 V. 
forming the electric field applying portion 5*11 out or an 
electromotive material of 4,500 in relative dielectric 
constant, making the width or a slir formed by the driving 
cloctrode 202 and the enmmon electrode 203 Oe 10um, 
and making the degree or vacuum inside the vacuum 
chamber 211 be 200 Ha or less, a current lc flowing 
through th* electron capuirtng electrode 214 becomes 
1 2 A and a current or about 60% of a current I, (2 A) 
flowing through the driving uledrode 202 ta taken ao on 
electron current, and d voltage Vs between the driving 
electrode 202 and ll>« common electrode 203, namely, 
a voltage required for emission of electrons becomes 
153 V. The waveforms of the currents l„ handle, and 
the voltage Vs are respectively ahown by curves i to 1 
In Retire I6B. 

[0 107] It is the same also In oaco of having a carbon 
coaling that a sufficient electron emission can be made 
at a very tow vacuum of not more than 200 Pa as de- 
scribed above. 

rot 06] Since the electron -omitting element according 
to the present invention con emit electrons at a very low 
vacuum of not more than 2O0 Pa, in ease of forming an 
FED It Is possible to make very small a seated space 
Of the outer circumferential part of a panel, and thus it 
is possible to realize a narrow-frame panel. And In rase 
of make a targe-sized dicplay by arranging a plurality or 
panels, a joint between panels is made hard to hfi enn- 



apimious. Further, in a conventional FED the degree of 
vacuum of a space inside the FED is lowered by gas 
produced from a phosphor and the like and there Is the 
possibility tnar the duraDlllly of a panel receives a bad 

s influent, but since a display using the electron-emitting 
eiemfini according to the present invention can emit 
electrons al a very low vacuum of not more lhan 200 Pa , 
a had influence caused Oy lowering of U ie degree of vac- 
uum of a space Inside the FED Is greatly reduced and 

10 the durability and reliability or the panel are greatly Im- 
proved. 

[01 ua] The electron-emitting element according to the 
present Invention and the FED using It can be more sim- 
plified and made muiu small-sized in comparison with 

13 those of the prior art. Concretely explaining them, first 
since the deyree of vacuum In a apaoe Inside an FED 
can be made low, an enclosure supporting structure tao 
in H a pressure difference bctweon the Inelde and the 
outside of the outer circumferential coaled part and the 

so like of an FED can be simplified and made small-sized. 
[0110] And since an applied voltage necessary for 
emitting elcotrone and a bias voltage to be applied ro an 
electron capturing electrode can be made comparative- 
ly low the FED does not n*ed to ne of a pressure-re- 

25 sistlng structure and It is possioleto make trie whole dis- 
play device smail-afred and the panel thln-sLred. A bias 
voltage to be applied to rne electron capturing electrode 

may he a v. ' - 

ram] And since ihe electric Held applying portion of 

-jo the electron-emitting element according to the procont 
invention can be formed without the need of a epeclal 
processing as required In case of forming an eleetron- 
emlUlng element of a Splndt typo and furthermore the 
electrodes and the clcolrio Held applying portion can rm 

07 formed by a thiok film printing method, an electron-emit- 
ting element according to the present invasion and an 
TCD uoing It can be manufactured in lower cost in com- 
parison with those of the prior art. 
[01121 Moreover, since an applied voltage necessary 

ao for emitting estrone and a bias voltage to be applied 
to an electron capturing electrode can be made compar- 
atively mw, a driving IC being comparatively low in die- 
lectric strength, small-sized and inexpensive can be 
uud and therefore an FED using an electron-emitting 

as element according to the prasent invention can be man 
ufacturad In low cost. 

IU113] Tne presant invention is not limited to. tho om- 
bodimenls described above but can be variously modi- 
fied and varied In many manners. 

so [0114] For example, the electron-emitting element ac- 
cording to the present invention can be aloo. applied to 
another application such as backlighting. Slrtco the elec- 
tro n-emllliny element according to the present invention 
can emit a comparatively large amount of electron beam 

55 at a comparatively low voltage, it is preferable for form- 
ing a small-sized and high-efficiency sterilizer m p ace 
of a conventional sterilizer using mainly on ultraviolet 
ray emission method. And the electron-emitting element 
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according to the present invention can adopt any other 
electrode structure havlnfi an angular pan. Further, It 
can anange a resistor In series between a second elec- 
trode, namely, a common electrode and a direct offset 
voltage source In order to prevent short-circuit between 5 
a driving eiectruUe and a common electrode, 

[0115] In the sixth embodiment, the case where the 
electric field applying portions 5 la. S 1b are formed out 
of an antiferraalsctric material has been described, but 
It Is enough thai the eleuLric field applying portions 51 a, ie 
51 b are foui i fed out uf al least one of a piezoelectric ma- 
terial, an electron iutivtj material and an antiferraelec- 
tric material, in case of using a piezoelectric material 
and/or an electrostrfctive material, dieia can be used for 
example a material having lead zirconate (PZ-basad) as « 
tt3 main ingredient, a material having nickel lead nfobate 
as Its main Ingredient, a material having zinc lead nlo- 
batc os lb main Ingredient, a material having manga- 
nese lead niobata ©a its main Ingredient, a material hav- 
ing magnccium lead tantalate as its main ingredient, a &> 
material having nickel lead tantalate as Its main ingre- 
dient, a material having antimony lead etannato as Ito 
main Ingredient, a material having lead tltanate as its 
main ingredient a material having magnesium lead 
tungstate as its main ingredient, a material having cobalt 25 
lead nlnbate as Its main ingredient, or a composite ma- 
terial containing an optional combination of these mate- 
rials, and among them a ceramic material containing 
lead zlrconata Is most frequently used as a piezoelectric 
mater ial and/or an electros irlctlve material, & 
[011 aj Id yase or using a ceramic material as a piezo- 
electric materia! and/or an eleUruslriullve material, a 
proper material obtained by property adding an oxide of 
lanthanum, barium, niobium, zinc, cerium, cadmium, 
chromium, cobalt, antimony, iron, yttrium, tantalum, S£t 
tungsten, nickel, manganese, lithium, strontium, bb- 
muTh or the like, oro oombination of some of these ma- 
terials or othor compound© to iho ooramlc material, for 
example, a material obtained by adding a epoeffio addi- 
tive to Itco as to form a PZT-basod matorl el le also prof- *<* 
erably used. 

[0117] Among these piezoelectric materials and/or 
electrostrtdlve materials, a material haulng as Its main 
InrjroHipnt a rompnnftnt rnnaisting of magnesium lead 

niohate, lead zirconate and lead titanate. a material hav- *s 
irtg a* Ife rna in ingredient a component consisting of 
nickel lead niobata. magnesium laad nlnham, lead zlr- 
conata and lead titanate, a material having as Ita main 
ingredient a component canaianng or magnesium laarf 
niobata, nickel lead tantalate, lead zirconate and lead so 
litanaie. a material having as its main ingredient a com- 
ponent consisting or magnesium lead tantalata, magna- 
slum lead nlobate, lead zirconate and lead titanate, and 
a material substituting strontium and/or lanthanum for 
some oart of lead in these materials and the like are prer- « 
erably used, and they are preferable as a material for 
forming the electric Held applying portions bi a. bin hy 
means of a ihickfllm forming technique such as a screen 



printing method and the lika as described above. 
[0118J in of a multiple-component piezoelectric 
material and/or <?lectrostrictive material, its piezoelectric 
and/nr elentrnstrictive characteristics vary depending 
upon The composition of their components, and a three- 
CDmponeni material of magnesium lead niobate-lead 
7lfcnnHl.e-lead Man ale, or a Tour-component material of 
magnesium lead nlobate-nlekef lead tsntalate-lead zir- 
canafe-leari h'tanate or a four-component material of 
magnesium lean" tantalate-magneslum lead niobate- 
lead 7lrcanarR-l««ri titanate preferably has the compo- 
sition In the vicinity nf thn phasn boundary of pseudo- 
Cubic system-tfllragonalsyst<am-rriombnhedral system, 
and particulany tne composition or magnesium load nin- 
bate of 15 to 50 mol%, lead zirconate of 10 to 45 mol% 
and load titanate or 30 to 45 rnolVa. the composition of 
maaneslum lead niobate of 15 to 50 mol%. nickel lead 
tantalate of io to 40 moi%, lead ztrconate or 10 to 45 
mui% and lead Utanaie of 30 to 45 mol%. and tne com- 
position of maunesiurn lead nlobate of 15 to 50 mol%, 
magnesium lead tantalate of 1 0 to 40 mol%, lead zirco- 
nate of 1 0 to 45 mor% and lead titanate of 30 to 45 mol% 
are preferably adopted from the reason that they have 
a high piezoelectricity constant and a high electro-me- 
chanical coupling coefficient. 



Claims 

1 . An electron-emlirlng filament comprising- 

en electric tieid applying portion composed ot 
a dielectric; 

a flrsL electrode formed on one surface of Ihis 
electric fluid applying portion; and 

a siecortd trlcrutiuUcfuni i*s\J uii 3diU ui ic aui fdoc 

of the electric field applying portion, and form- 
ing a afit in cooperation with said first electrode. 

2. An clooiron-omitting element according to olaim 1 , 
whoroin a carbon coating la appHod to oald f Irct oloo 
trade, eaid eacond eloctrodo and eaid elit- 

a. An eloerron-emltting element according to claim 1 
or 2, further comprising a third electrode arranged 
at a certain space to said first and second elec- 
trodes, wherein space between said first and sec- 
ond electrodes and said third electrode is vacuum. 

4. An electron-emitting element comprising: 

an electric field applying portion composed of 
at least one of a piezoelectric material, an elec- 
trosrrlctive material and an ant i ferroelectric ma- 
terial; 

a first electrode formed on one surface of this 

electric field applying portion; and 

a second electrode formed on said one surface 
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of the electric field applying portion, and form- 
iny a slil in uuoperatfon with said first electrode. 

5. Ail eleoliun-emitUng yltnnyut according to claim 4, 
wherein a carbon coaling Is applied to said first elec- 
trode, said sesund uleulruua and said sliL 

6. An etectron-emluing element acwirUinu. lu claim 4 
or 5, further comprising a third electrode arranged 
at a curtain spa^e lu said fiiat and second eleo- 
liodew, wherein space between said first and sec- 
ond electrodes and said third electrode is vacuum. 

7. An electron-err itting element according to claim 6, 
wherein said electric field applying portion also acts 
an actuator and controls the quantity of emitted 
electrons by the displacement motion of said elec- 
tric field applying portion. 

B. An clcotron-ornittrng element according to one of 
claims 3, 6 and 7, further comprising: 

a voltage source forappfylng a direct offset volt- 
age to said third electrode; and 
a resisior arranged in senes between this volt- 
age source and said third electrode. 

9. An electron-emitting element according lo ony of 
claims I to 8, wherein a puke voltage Is applied to 
said rust electrode and a direct offset voltage is ap- 
plied to said second electrode, 

10. An deetron-emlttlng element according to one of 
claims 1 lo 0, further oomprlclng a capacitor ar- 
ranged In corloc between eaid first electrode and 
caid voltage source. 

11. An electron-emitting; element according tr> onft of 
claims 1 to 8, further r.nmpri*inn; A tourth electrode 
formed nn th« oTher surface of said elQCtric field ap- 
plying ponton and racing to said first electrode, 

12. An electron -emitting element according to claim 1 1 , 
wherein fl pulse voltage Is applied to snld fourth 
electrode and a direct offset volLage is applied to 
said second electrode. 

13. An electron-emitting element according to one of 
claims I lo 12, further comprising a resistor ar- 
ranged in series between said second electrode 
and a diiwcl uffc&i voltage source. 

14. An electron -emitting element according to one of 
claims 1 to 13, wherein said electric field applying 
uvition has the relative dielectric constant not less 
than 1000. 

15. An electron-emitting element according lo one of 



claims 1 to 14, wherein said slit has the width not 
more than 500um. 

16. An elecr/on-emitrJnc, element according, to one of 
s claims 1 to 15, wherein at least one of said first elec- 

U udts ai id saidseuurrd electrode has an ai iu,ular pari 

with an acute angle. 

17. An electron-emitting element according to one of 
10 claims 1 to 16, wherein said first electrode and said 

second electrode each have cartoon nanotubes. 

18. A field emission display comprising: 

75 a plurality of electron -emitting elements ar- 

ranged In two dimensions: and 
a plurality of phosphors each being arranged 
with a certain epace to oach of these electron- 
emitting elements, 

pfl each of eald eleetron-em itting elements having: 

an electric field applying portion made nf a 
dielectric; 

a lirst electrode formed on one surface of 
& this electric field applying portion; and 

a second electrode formed on said one sur- 
face of the electric neld applying portion, 
and forming a slit In cooperation with said 
first electrode. 

19. A field emission display according to claim 18, 
wherein a oarbon ooatlng lo applied to cold firct olco- 
crodo, eald eocond electrode and eald el It. 

A<5 20, A field emission display according to claim 1 8 or 1 9 , 
wherein a third electrode I* arranged on thp. oppo- 
site surface to a KirrfRCP. or ftflnh of said phosphors 
feeing said first and second electrodes, and the 
space between said first and second electrodes and 

40 eald phosphor is vacuum. 
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21. A field emission display comprising: 

a plurality of electron-emitting elements ar- 
ranged in two dimensions; and 
a plurality of phosphors each being arranged 
with a certain epace to each of these electron- 
emitting elements, 

each of said electron-emitting elements having: 

an electric field applying portion compo3ed 
of at least one of a piezoelectric materiel, 
an elcetroetrlctiv© material and an ontlfcr 
roelectrlc material; 

a first electrode formed on one surface of 
this electric field applying portion; and 
a second a lectrode formed on aeld one sur 
face of the electric field applying portion, 
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and forming a slit In cooperation with said 
first electrode. 

22. A lield emission display according to olaim G1,. 
wherein a carbon coating Is applied to said first elec- 
trode, said. second electrode end aaid ofiL 

23. A field emission display according to claim £1 or22, 
wherein a third electrode is arranged on the oppo- 
site surface to a surface of each of 3&»d phaaphara 
facing said tfret and second electrodes, and the 
space between said first and eecond olootrodec and 
said phosphor is vacuum. 

24. A field emission display according to claim 23, 
wherein aaid elcctrio field sppty ,n 9 portion also acts 

as an actuator and controls the quantity of emitted 
clcotronc by the displacement motion of said e!ee- 
trio field applying portion. 

25. A field emission display according to one or claims 
20, 29 and 2d. wherrin each or said electron -em it- 
ting elements comprises: 

a voltage source for applying a direct offset volt- 
age ro said Third electrode: and 
a resistor arranged In series between this volt- 
age source and said third electrode. 

23. A field emission display according to one of claims 
1Bto 2S t wherein a pulse voltage is applied to said 
first electrode and a direct offset voltage ic applied 
to said second electrode. 

27. A field cmlcclon display according to one of claims 
1 8 to 26, wherein each of said electron-emitting el- 
ements further comprises a capacitor arranged In 
series between said first elertrnrte and said voltage 
signal source. 

28. A field emission display according 10 one of claims 
18 rn ?fi, wherein each of said electron-emitting el- 
pmanfc further comprises a fourth electrode being 
formed on the other surface of said electric field ap- 
plylnrj portion and opposite ra said fiisl electrode, 

29. a field emission display according to claim 23, 
wherein a pulse voltage is applied to said fourth 
electrode and a direct offset voltage Is applied to 
said second electrode. 

30. A Held emission display according to one of claims 
1 8 to 29, wherein each of said electron -emitting el- 
ements further comprises a resistor arranged in se- 
ries between said second electrode and said direct « 
offset voltage source. 

31. A field emission display according to one of claims 



1 8 to 30, wherein said electric field applying portion 
hoc the relative dielectric constant not loss than 
tooo, 

5 32. A field emission display according to one of claims 
18 to 31, whoroin eaid sliL has Lho width not more 
than 500uin. 

33. A field emission display according to one of claims 
10 iBto32, wherein Qtloaet on a of said first oloctrode 
end cold ccoond olootrode has an angular part with 
an aouto anglo. 



34. Afiold emission display according to one of Harms 
1 8 to 33, wherein said first electrode and said sec- 
ond oloctrodo each have carbon nannhihes. 

35. Afield emission display arsnnrrimg to one of claims 
1a to 34, further comprising a substrate having a 
plurality of electron-emitting elements arranged In 
two dimensions and formed Into one body with each 
oflier. 
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